Abstract Scyphozoan medusae are very successful foragers which occasionally occur in high abundances in boreal waters and may impact many different groups in the marine ecosystem by means of a variety of toxins. A rainbow trout gill cell line, RTgill-W1, was tested for its suitability as quantitative indicator of the cytotoxicity of Cyanea capillata and Aurelia aurita; the major scyphozoan species in the North and Baltic seas. Cultures of rainbow trout gill cells were exposed to whole venoms extracted from fishing tentacles and oral arms at increasing protein concentrations. The venom caused detachment, clumping and lysis of cells, as well as a drop in vitality, in a dose-dependent manner. Morphological changes in the cells were evident within 1 h after venom addition. The damage to gill cells was quantified by measuring the metabolic activity of the cells by means of the fluorescence of resorufin derived from the nonfluorescent substrate, resazurin. In general, a decrease in the metabolic activity of the cells was detected at a venom (protein) concentration above 2.0 lg ml -1 (corresponding to 0.2 lg 10 4 cells -1 ), and a total loss of activity was observed above 40.0 lg ml -1 (corresponding to 4.0 lg 10 4 cells -1
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Introduction
The investigated scyphozoan species Aurelia aurita (L.) and Cyanea capillata (L.) are among the most abundant jellyfish species in the North Sea region (Gröndahl, 1988; Båmstedt et al., 1994) . As a member of the phylum Cnidaria, their main characteristic is the proliferation of specialized cells (cnidocytes) harbouring cnidocysts as cell organelles that contain a complex mixture of highly active and structurally diverse toxins. The cnidocyst capsules are discharged as a response to adequate chemical and mechanical stimuli elicited by prey organisms (Kass-Simon & Acappaticci, 2002) . The toxin mixture released as whole venom induces different effects on prey, e.g. paralysis. The development and distribution of certain types of cnidocytes and the injection of bioactive compounds are the crucial factors for prey capture and digestion by cnidarians (Kintner et al., 2005; Regula et al., 2009) .
The ecological impact of gelatinous predators on zooplankton species and fish fry has been getting a lot of attention in recent years due to an increasing frequency of jellyfish outbreaks and abundance (Hay, 2006) . Factors such as over-fishing, increased availability of substrates for polyp settlement and climate change may play an important role in causing such outbreaks (Purcell et al., 2007) . There are numerous records of possible negative effects of high abundances of gelatinous zooplankton on fish recruitment (Båmstedt, 1990; Båmstedt et al., 1994; Behrends & Schneider, 1995; Omori et al., 1995; Lynam et al., 2005 Lynam et al., , 2006 Barz & Hirche, 2007; Malej et al., 2007; Møller & Riisgård, 2007; Titelman et al., 2007) .
In order to assess the ecological role of jellyfish in the food web, a number of in vivo experiments with different types of potential prey organisms were performed (Bailey & Batty, 1984; Båmstedt & Martinussen, 2000; Martinussen & Båmstedt, 2001; Hansson, 2006) to determine feeding rates, feeding behaviour and prey selection among jellyfish (Sullivan et al., 1997; Suchman & Sullivan, 2000) . In addition, in vitro assays may be used for detecting cellular and molecular effects on potential prey organisms, to characterize the stinging capacity of jellyfish and to isolate and identify toxins relevant for envenomation responses of humans.
There are only a few studies concerning the toxic potential of A. aurita, and no detailed biochemical information about the composition of the venom is available (Burnett et al., 1988; Radwan et al., 2001; Segura-Puertas et al., 2002) .
Contrary to A. aurita, which is relatively harmless to humans, C. capillata causes severe dermal irritation in humans, and a few in vitro and in vivo studies have investigated the toxic potential of C. capillata venoms (Rice & Powell, 1972; Walker, 1977a, b; Walker et al., 1977; Fenner & Fitzpatrick, 1986; Long & Burnett, 1989; Heeger, 1998; Helmholz et al., 2007) . C. capillata has a strong haemolytic and cytotoxic as well as cardiotoxic activity. The analysis of the proteinaceous components of the venom showed a spectrum of proteins in a broad molecular size range, but no structure-effect relationships have been found (Burnett & Calton, 1987) .
Since cell-damaging in vitro assays can serve as an indicator for the potential toxic effects, cell-based approaches are useful tools for a comparative and sensitive toxicological venom analysis. The haemolysis of erythrocytes from different animal species or damaging effects on cell lines, e.g. hepatocytes, are often used as responsive elements to test the venom (Helmholz et al., 2007) . Due to the fact that gills are very sensitive to the action of cnidarian venoms, an in vitro assay utilizing a gill cell line as the target (responsive element) was developed. An existing rainbow trout gill cell line, RTgill-W1, was used in this assay because it is a difficult and laborious process to establish a novel stable cell line. This cell line was selected because it has proven to be a valuable tool in marine and freshwater ecotoxicological studies investigating the effects of polycyclic aromatic hydrocarbons (PAHs), metals and waste water (Schirmer et al., 1998; Dayeh et al., 2002; Dayeh et al., 2005; Lee et al., 2008) . To the best of our knowledge, this gill cell line has not been used for the detection and assessment of toxic effects of natural marine substances. In this publication, the sensitivity of gill cells to crude scyphozoan venoms is demonstrated utilizing the developed in vitro assay. In addition to the quantitative in vitro determination of gill cell toxicity, this assay enables the clarification of cellular responses and modes of action.
Materials and methods
Leibovitz L15 Medium (L15) (Lonza group, Wuppertal, Germany), penicillin/streptomycin solution and phosphate buffered saline (PBS) (109) were purchased from Invitrogen (Karlsruhe, Germany). L-glutamin, Bradford reagent, bovine serum albumin (BSA) fraction V were obtained from Sigma (Munich, Germany) and foetal calf serum (FCS) from PAA Laboratories (Cölbe, Germany). Tables 1, 2 ) based on the average umbrella diameter. The groups were chosen according to the equal distribution of individuals of the different size classes and following Long & Burnett (1989) . Oral arms and fishing tentacles were removed immediately after sample collection and used for subsequent processing. Although medusae were collected in different years, sample handling and preparation were identical (see Table 1 ).
Preparation of cnidocysts
Fishing tentacles and oral arms were used for the preparation of intact cnidocysts following the methods described in Endean (1987) , Burnett et al. (1992) , Avian et al. (1995) and Bloom et al. (1998) . The methodology was modified to accommodate large scale preparation for biochemical and analytical purposes and to suit available laboratory facilities on board the research vessel. Detailed description of the modifications can be found in Helmholz et al. (2007) . The preparation of intact cnidocysts was performed within 24 h of medusae collection in a temperature-controlled laboratory. The medusae tissues were stirred gently (A. aurita tissue material was not stirred) in distilled water on ice. The ratio of organic tissue to distilled water was approximately 1:5. After 10 h, the suspension was filtered through a nylon sieve (500 lm mesh size) to discard the mesoglea residue. The filtrate was centrifuged at 4°C for 5 min at 3,000 rpm. After discarding the supernatant, the residues were washed two to three times with sterile-filtered seawater. The content, purity and integrity of cnidocysts were controlled microscopically, and the cnidocyst concentrate was stored in sterile seawater at -80°C until further use.
Cnidocyst lysis and protein extraction
Prior to lysis, the isolated cnidocysts were suspended in ice cold 10 mM acetate buffer, pH 5.5, and discharged in a cooled sonicator (Branson Sonifier 450, G. Heinemann Ultraschall-und Labortechnik, Schwäbisch Gmünd, Germany). At least 2/3 of the cnidocysts needed to be discharged at this stage, otherwise the protein concentration would have been too low for testing, thereby necessitating a repeated process of discharging. The suspension was centrifuged at 11,000 rpm for 5 min at 4°C. The supernatant was carefully removed, sterile filtered and an aliquot was taken for protein determination. The protein content was measured by means of the Bradford protein microassay using BSA as standard protein (Bradford, 1976) . The protein extracts were immediately used for bioactivity assays or stored at -80°C until further use. In the following, all mention of ''venom concentration'' refers to protein concentration expressed in units of lg ml -1 .
Cell toxicity assay
A cell viability assay (CellTiter-Blue Ò , Promega, Mannheim, Germany) was used to detect the acute toxicity of the extracts. A rainbow trout cell line RTgill-W1 ATCC No: CRL-2523 (LCG Promochem, Table 1 Details of the aggregated samples of Aurelia aurita (A. aur 1-6) including sample size (n), umbrella diameter expressed as mean ± standard deviation and size range [minimum and maximum diameters] and the region and year medusae were collected Wesel, Germany) was cultivated in Leibovitz L15 cell culture medium with 10% FCS, 2 mM L-Glutamine, 100 IU penicillin and 100 lg streptomycin per ml medium at 20°C modified after Bols et al. (1994) . Cells of a continuous culture were sowed into a black microtiter plate at a density of 10 4 cells per well in 75 ll L15 medium without FCS and allowed to settle and reattach for 24 h. After this adaptation step, 25 ll of protein extracts was applied to each well in concentrations of 0.1-4.0 lg protein per well (corresponding to 1-40.0 lg protein ml -1 ). Extracts were diluted with L15 medium. The following controls were used for the detection of the relative toxicity of the extracts: a positive control with cells growing in 100 ll L15 medium, a negative control with same volume of medium but without cells and a buffer control containing 25 ll of 10 mM acetate buffer. After an incubation of 48 h at 20°C, 20 ll of CellTiter-Blue Ò reagent (resazurin) was added, and the fluorescence intensity of the metabolized resorufin was recorded after 4 h incubation at 20°C at 560 excitation/590 emission (Victor 3, 1420 Multilabel Counter, Perkin Elmer, Rodgau-Jügesheim, Germany). This assay involved the enzymatic transformation of the fluorescent dye by dehydrogenases whereby the intensity of the fluorescence signal depends on cell vitality, cell proliferation, and on the dye incubation time. Values of cell vitality above 100% occurred due to slight variations in handling and cell growth. Therefore, the assay was performed with eight replicates of each extract concentration and controls. The experiments were repeated independently at least three times. The percentage of vital cells was calculated by defining the fluorescence of positive controls minus the values of no-cell control as ''100%.'' Mean and standard deviation values were taken for statistical analysis, using the WinStat (statistics add-in for MS Excel) software. The nonparametric U test (MannWhitney test for comparison of two data sets) was also used because it does not require data to be normally distributed (significance is indicated as P \ 0.05).
Gel electrophoresis
Tricine-sodium dodecyl sulphate-gel electrophoresis was performed with self-casted polyacrylamide gels according to Schaegger & von Jagow (1987) . A 10% separating gel was combined with a 4% stacking gel. Dimensions of the gel were 20 9 20 cm. A SERVA unstained SDS Page protein marker 6.5-200 kDa (Serva electrophoresis GmbH, Heidelberg, Germany) was used for the estimation of molecular weights. This size range was chosen because previous results and literature values show that the majority of venom proteins are smaller than 200 kDa. The one-dimensional electrophoresis was performed with the Protein II electrophoresis system (BioRad, Munich, Germany). After silver staining (Blum et al., 1987) , the gels were analysed with the Bio Imaging System Genegenius (Syngene, Cambridge, UK). Molecular weight determination was based on at least four independent SDS Page experiments.
Results

Development of the gill cell toxicity assay
Cells of the continuous culture of RTgill-W1 reproducibly developed a dense monolayer of cells with a polygonal, epithelial-like shape and oriented aggregation of the cells (Fig. 1) , characteristic for this cell line. Gill cell viability (% ± standard deviation; n [ 10) after exposure to 2 lg ml -1 oral arm (OA) venom
After exposure to whole jellyfish venom at different protein concentrations, cells responded with changes in morphology and growth. Morphological changes were observed 1 h after treatment and became more obvious within the 48 h of incubation. The cells lost the flask surface contact, cell conjunctions and extension. Detachment (Fig. 2B) , clumping ( Fig. 2C ) and cell lysis (Fig. 2D ) occurred in a dose-dependent manner. Even though cell damage was obvious during microscopic examination, cell viability was measured fluorometrically to quantify the gill cell toxicity of the venom.
We demonstrated the suitability of the CellTiterBlue Ò assay for estimating the number of viable fish gill cells by measuring their metabolic capacity. As the commercial cell viability test was developed and applied for mammalian cells, the assay conditions had to be adapted to the culture conditions that were optimal for fish cells. As a result of this optimization procedure, the recommended cell number was reduced to 10 4 cells per well. This initial cell number was both sufficient to form interacting cell aggregates during the exposure period and did not cause growth inhibition that might result from limited nutrients and space. In addition, it was high enough for fluorescence signal detection showing clear differences between controls and disturbed cells.
A reliable performance of the assay was ensured by using the fluorescence signal of the positive cell control as an indicator for RTgill cell vitality over a continuous cultivation period. After a phase of 3 months with relatively homogenous metabolic activity, a slight but consistent decrease of the fluorescence signal was observed. Within this stable period, a variation coefficient of 8.5% (n = 341) was recorded. Therefore, a loss of cell viability of 10% due to the impact of jellyfish venom was judged as a true toxic effect.
Gill cell toxicity of Aurelia aurita venoms
Whole venoms of fishing tentacles and oral arms obtained from an enriched suspension of all types of cnidocysts induced a concentration-dependent loss of RTgill cell viability. Extracts of oral arms showed stronger cytotoxic effects, at an effective concentration range of 1.0-20.0 lg ml -1 , as compared to extracts of fishing tentacles in the concentration range of 2.0-40.0 lg ml -1 . A. aurita venom showed dosedependent toxic effects ( Fig. 3; Table 3 ).
The stronger cytotoxic effect of venoms obtained from oral arms was most obvious at a concentration of 10 lg protein ml -1 corresponding to 1 lg (10 4 cells)
where a loss of more than 90% cell viability in each sample could be observed, whereas up to 80% of the gill cells remained vital after exposure to venoms from fishing tentacles. The average umbrella diameter of individuals from the Orkney Islands in 2008 was smaller compared to those from Western Islands. Also a reduced toxic effect can be seen for both size groups from the Orkney Islands by comparing the gill cell toxicity of 10 lg ml -1 fishing tentacle venom (Fig. 4) and for 5 lg ml -1 oral arm venom (Table 3) , respectively. A significant dependency of gill toxicity on umbrella size could be observed at a concentration of 5.0 lg ml -1 gastric filament venom and 10.0 lg ml -1 fishing tentacle venom. As the fishing tentacle venoms of the larger animals were more active than from the animals \10 cm bell diameter (Fig. 4) , the opposite trend was observed for the crude venom of oral arms.
Gill cell toxicity of Cyanea capillata venoms
The application of C. capillata venoms obtained by the preparation of cnidocysts from oral arms and fishing tentacles induced similar morphological changes in gill cells as observed after exposure to A. aurita venom. Toxic effects were observed microscopically and measured via the cell viability fluorescence assay at a dose [1.0 lg ml -1 crude venom of oral arms and [5.0 lg ml -1 crude venom of fishing tentacles. These indicated an increased gill cell toxicity of oral arms as compared to fishing tentacles. ) effect of Aurelia aurita (sample A. aur 2 umbrella diameter [ 10 cm; Western Isles) venom from oral arms (OA) and fishing tentacles (FT) (mean ± standard deviation; n [ 9) on cell viability (%) Samples from the coast of Rousay/Orkney Islands and two sampling sites in the Baltic Sea produced different gill cell toxicities ( Table 2 ). The viability of RT gill cells was reduced to 2.7% at a fishing tentacle venom concentration of 10.0 lg ml -1 from C. capillata with a mean umbrella diameter of 21.5 cm sampled at the Orkney Islands. This was significantly stronger toxicity than that observed for similar sized specimens collected along the Baltic Sea coast (39.9% cell viability C. cap 3 and 12.6% cell viability C. cap 4). Whole venoms of oral arms obtained from C. capillata sampled at the Orkney Islands induced an average loss of cell viability of 85%, whereas samples from the Baltic Sea induced a cell viability loss of about 70% (protein concentration 2.0 lg ml -1 ) ( Table 2) .
A comparison of the toxicity (against gill cells) of the two species indicated that the venom of large C. capillata ([30 cm) fishing tentacles had threefold greater toxic activity and 20-fold greater toxic activity (C. capillata [ 20 cm), respectively, than A. aurita of equivalent size classes at a concentration of 10 lg ml -1 . The venom of the oral arms of C. capillata was fivefold more toxic than that of A. aurita for both size classes at a concentration of 5.0 lg ml -1 .
Comparative analytical gel electrophoresis
A comparative overview of the protein content in the crude venoms was obtained by one-dimensional gel electrophoresis (Fig. 5A, B ). Proteins of a broad size range from 6 to 170 kDa were detected. Venoms extracted from A. aurita had more proteins than did venoms of C. capillata. An increased number of protein bands were observed in venoms from larger A. aurita (A. aur 4, A. aur 3; Table 1 ) reflecting a higher degree of venom complexity. A number of small proteins (6.5, 13, 17 and 23 kDa) seemed to be highly conserved, appearing in most of the venom extracts. The clusters at 30-37, 41-47 and 51-59 kDa were remarkable since a pattern of four protein bands with a regular difference of 2,000 Da was detected. A comparison of the venoms from A. aurita oral arms and fishing tentacles revealed a cluster of four proteins at 95, 100, 116 and 140 kDa that occurred only in the extract obtained from the oral arms. Regional variations can be detected in the venoms of C. capillata with higher complexity in the samples collected from the Baltic Sea. Venoms extracted from C. capillata fishing tentacles showed a greater number of protein bands as compared to extracts from oral arms, including proteins in a molecular weight range of approximately 70 kDa exclusively found in fishing tentacle venom.
Discussion
As the observed and predicted frequency of gelatinous zooplankton blooms increases, the investigation of the toxic potential and toxins of dominant scyphozoan species becomes more and more important (Hay, 2006) . Classical laboratory and field experiments for the analysis of gut contents, prey selection, feeding behaviour and feeding rates have been applied to investigate trophic interactions of Scyphozoa (Bailey, 1984; Purcell, 1997) . In addition, in vitro cell-based approaches have been utilized to compare the toxic potential of different medusa species and to understand their effect on different prey organisms. In general, whole venoms are tested in haemolysis and cell assays with mammalian cells (Allavena et al., 1998; Radwan et al., 2000; Bloom et al., 2001; Sun et al., 2002; Nagai, 2003; Bailey et al., 2005; Brinkman & Burnell, 2007) . The novel contribution of this study is the use of fish gill cells as a major responsive element to test the toxicity of jellyfish. One of the major groups impacted by jellyfish is fish (Möller, 1980; Hay et al., 1990; Doyle et al., 2008) which are often impaired by stinging and toxic effects that are manifested in their gills. The RTgill W1 cell line is a cell line derived from a freshwater fish species which fulfils the prerequisites of an established and available cell line with the characteristics of gill cells. Although the feasibility of such a fish cell line for ecotoxicological studies of pollutants has been shown (Lee et al., 2008) , the effects of natural marine toxins on these gill cells have not been tested. Therefore, the detected toxic potential of the northern boreal scyphozoan species A. aurita and C. capillata on gill cells can only be compared to haemolysis and mammalian cell assays. Aurelia aurita is ubiquitously distributed in coastal areas, and its ecological impact on pelagic organisms is especially noticeable when it occurs in high abundances (Möller, 1980; Lynam et al., 2005) . Biochemical investigations regarding the composition of A. aurita venom and its toxicology are rare. In vivo experiments whereby proteinaceous extracts from this medusa were administered to rabbits showed an induction of paralysis and glomerulonephritis (Wiersbitzky et al., 1973) . A protein extract from whole A. aurita specimens caused muscle depolarization, indicating changes in sodium channel activity (Kihara et al., 1988) . However, these two studies did not deal with causative toxins that may have been involved in the physiological observations. A general lytic effect was observed when red-tide flagellate species were treated with A. aurita autolysate (Hiromi et al., 1997) . Segura-Puertas et al. (2002) found that dermonecrotic activity, haemolysis and neurotoxicity were caused by exposure to whole venoms of tentacular margins.
The traditional methods to test cytotoxic effects have involved the use of haemolysis and mammalian cell assays. Lytic effects on human erythrocytes have been shown at venom concentrations above 400 lg ml -1 . The advantage of the RTgill cell assay is that it is more than an order of magnitude more sensitive (employed at venom concentrations of 1-40 lg ml -1 ) than the traditional methods employed thus far, and it uses a gill cell line derived from fish, which in many ways is a more realistic test of medusa toxicity.
Size exclusion chromatography and gel electrophoresis of the bioactive venom were performed by Segura-Puertas et al. (2002) and indicated that the toxic proteins were 45 and 66 kDa which matches the detected values in the present investigation. The broad molecular weight range (Fig. 5) reflects the complexity of whole venoms as also shown by Radwan et al. (2001) . In that study, major protein bands at 50, 66 and 100 kDa have been shown, but peptides in the lower molecular weight range, as shown in this study (Fig. 5) , were not detected.
Due to the high morphological and genetic variance detected among A. aurita species, it is likely that this species will exhibit considerable variety in physiological and toxinological characteristics (Dawson & Martin, 2001; Dawson, 2003) . Radwan et al. (2001) compared medusae from the Red Sea and Chesapeake Bay and found increased haemolytic, dermonecrotic and phospholipase activities in medusae originating from the Red Sea. Regional differences have also been found in this study when comparing medusae collected at the Western Islands, the Scottish Orkney Islands and the Baltic Sea. It is noteworthy that medusae collected in a Western Isles bay with aquaculture facilities were more toxic than animals sampled at the Orkney Islands.
Another interesting finding of this study was the increased toxicity of fishing tentacle venom as a function of animal size. Moreover, both the size of medusae and their geographic origin might be related to the observed differences in venom composition, toxin concentration, or/and structure. The higher protein pattern complexity of venoms from larger (compared to smaller) A. aurita individuals (Fig. 5A) may be related to a change in venom composition with the development of the medusae.
In a comparison among oral arms and fishing tentacles, the venom obtained from cnidocysts of oral arms showed stronger activity at the same protein concentration than the venom obtained from fishing tentacles. This may be related to the presence of proteolytic enzymes in the oral arms, which function as digestive enzymes and affect the gill cells nonspecifically, whereas the toxins in the fishing tentacles include various neurotoxins to induce rapid paralysis of prey organisms which probably do not affect the gill cells in the same way (see Lassen et al., 2010) .
The predation impact of C. capillata on planktonic organisms, especially fish larvae, has been shown in field observations and laboratory studies (Fancett & Jenkins, 1988; Brewer, 1989; Hay et al., 1990; Purcell, 2003) . As C. capillata has a higher envenomation capacity, in vivo and in vitro studies concerning the toxinological potency and biochemical composition of the venom have been performed. Detailed pharmacological studies by Walker et al. (1977) indicate that cardiotoxic activity of the venom is related to a 70 kDa protein. In addition, Long & Burnett (1989) discovered that haemolytic activity is related to proteins smaller than 10 kDa and that haemolytic activity did not occur in venoms extracted from C. capillata smaller than 15 cm. As no animals smaller than 20 cm were tested in the present investigation, this size-dependent toxic relationship could not be confirmed. In vitro experiments with hepatocytes used as the venom target showed a cytotoxic effect at protein concentrations[7 lg ml -1 (Helmholz et al., 2007) . The fish gill cells utilized in this study showed greater sensitivity (as compared to mammalian cell assays) to C. capillata venoms (Table 2) . Rice & Powell (1972) tested the ability of C. capillata fishing tentacle venom to induce dermal reactions and found only mild erythema in a few cases. The proteinaceous nature of the venom and the nematocyst origin of the active substance were indicated in their findings. The dermal reaction and the nematocyst discharge were also observed by Heeger et al. (1992) but neither of the above studies provided information on the biochemical composition of the venom.
Since only a few toxins have been isolated from jellyfish thus far, it is not possible to carry out an interspecies comparison among the detected proteins, but it is likely that there are biochemical similarities. Lethal toxins from box jellyfish species Carybdea alata and Carybdea rastoni with molecular weights of 43, 45 and 46 kDa have been isolated and sequenced (Nagai, 2003; Brinkman & Burnell, 2007) . A remarkable cluster of protein bands in the same molecular weight range was detected in the venom of both A. aurita and C. capillata making this region especially interesting for further structural and biochemical investigations.
Conclusion and outlook
The objective of this study was the development of a novel tool for the determination of the toxic potential of jellyfish against a specific target gill cell. The application of the rainbow trout gill cell line for determination of the toxic potential of whole venoms derived from purified cnidocyst suspensions from C. capillata and A. aurita showed a strong susceptibility of these cells. Morphological changes in cell growth were observed within 1 h after venom exposure, and a fluorescence-based quantification of the cell viability showed a measurable dose-dependent effect at protein equivalent concentrations above 1 lg ml -1 . The comparatively high susceptibility of the gill cells enables the analysis of samples containing very low levels of venom. This approach provides a stable and reproducible in vitro test system for the detection and comparison of the toxicity of different cnidarian species, such as the C. capillata and A. aurita examined in this study. The toxic potential in these two boreal species is animal-size dependent and venoms of C. capillata expressed greater activity as compared to A. aurita venoms.
Moreover, the venom obtained from cnidocysts of oral arms showed stronger activity at the same protein concentration than the venom obtained from fishing tentacles.
Biochemical analysis of whole venoms by gel electrophoresis showed high venom complexity with a broad size range of proteins. Some of the proteins were similar in molecular weights to those isolated toxins from box jellyfish, and mass spectrometric analysis will be performed to clarify structural homologies. There were clear differences in the composition of the venoms of the two species from different regions and among their oral arms and fishing tentacles, but further structural analyses have to be performed to reveal structure-effect relationships. Further work is planned to examine the quantitative impact of scyphomedusae venom on prey organisms in vivo to evaluate the relevance and applicability of in vitro cell-based assays.
